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Flow of Downscaled Climate Information
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Objectives

e Estimate spatial distribution of groundwater
recharge for projected future climate conditions

— Groundwater recharge is critical input to groundwater
models used to assess groundwater availability

— Groundwater recharge is used by State of Hawai‘i,
Commission on Water Resource Management to
compute sustainable yield

* Quantify differences in groundwater-recharge
estimates between control (current) climate and
future climate
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Average Projected Changes for Maui

Projected Projected

Component Dry Climate | Wet Climate

Rainfall (climate models) -20%
Recharge -21%

» Available rainfall projections indicate either wetter or drier future

» Estimates of groundwater recharge are heavily dependent upon
projected rainfall

» Areas of general agreement do exist — leeward areas get drier
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Selected Future Climate Scenarios

Projected

“Dry” Climate Scenario

Statistical Approach
RCP8.5, 2071-99

7~ Mean annual rainfall (mm)*

*1978-2007 mean from rainfall atlas
by Giambelluca and others, 2013

Projected

“Wet” Climate Scenario

Dynamical Approach
SRES A1B, 2080-99

S
N

/- Mean annual rainfall (mm)*

*1978-2007 mean from atlas rainfall
by Giambelluca and others, 2013

Anomalies

Expressed as fraction of control mean
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-0.601
-0.501
-0.401
-0.301
-0.201
-0.101
-0.001

Anomalies

Expressed as fraction of control mean

-0.218 - -0.201
-0.200 - -0.101 future is drier
-0.100 - -0.001

0.000 - 0.100

0.101 - 0.200

future is wetter
I 0201 -0:300
I 0301-0329

Area of general agreement




Why Maui?

‘lao & Waihe‘e
Aquifers et o

a USGS ;

science for a changing world



Water-Budget Modeling Framework

High-Resolution
Downscaled
Climate Projections

Atlas Rainfall Climate-Data

and Transformation

Evapotranspiration

Modeling

Control / Future
Recharge ) Recharge ) )
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Atlas Rainfall and
Evapotranspiration
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Rainfall

* Interpolated maps of monthly
rainfall during 1978-2009
Daily rain-gage data for synthesizing
daily rainfall
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* Interpolated maps of mean
monthly reference ET for grass
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Downscaled Climate Projections

High-Resolution

Statistical Approach
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Dynamical Approach

OBSERVED CLIMATOLOGICAL
RAINFALL RATE

Zhang and others, 2012;

http://apdrc.soest.hawaii.edu/projects/HRCM/
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Statistical Approach

Future Scenarios

large-scale
circulation
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Estimated local
rainfall anomalies
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= |arge-scale circulation

Observation of seasonal anomalies

local rainfall anomalies =

Composite analysis
\J
Circulation anomalies during observed large rainfall
anomalies

Average circulation
pattern in high rainfall
seasons

| 2
Calculate pattern similarity index
for a given circulation pattern

|

Large-scale predictor time series

Average circulation
pattern in low rainfall
seasons

y

Multiple Linear -

Regression

Figure from
O.E. Timm
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geopotential

horizontal wind

temperature humldlty

Figure from C. Zhang
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Downscaled Climate Datasets

Feature Statistical Approach Dynamical Approach
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Statistical Approach —
Mean Annual Rainfall Anomalies

RCP4.5, 2041-71

/- Mean annual rainfall (mm)*

*1978-2007 mean from rainfall atias
by Giambelluca and others, 2013

RCP4.5, 2071-99

/ Mean annual rainfall (mm)*

*1978-2007 mean from rainfall atias
by Giambelluca and others, 2013

RCP8.5, 2041-71

/- Mean annual rainfall (mm)*

*1978-2007 mean from rainfall atias
by Giambelluca and others, 2013

RCP8.5, 2071-99

/- Mean annual rainfall (mm)*

*1978-2007 mean from rainfall atlas
by Giambelluca and others, 2013

Anomalies

Expressed as fraction of control mean
I 0.7%0 - -0.601
[ -0.600 --0.501
I 0500 --0.401
[ -0.400--0.301 future is drier
-0.300 - -0.201
-0.200 - -0.101

-0.100 - -0.001

Elison Timm and others, 2015;
250-m grid maps provided by O.E. Timm
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Dynamical Approach —
~ Mean Annual Rainfall Anomalies

Lo

SRES A1B, 2080-99

7~ Mean annual rainfall (mm)*

*1978-2007 mean from atlas rainfall
by Giambelluca and others, 2013

Anomalies

Expressed as fraction of control mean
-0.218 - -0.201

-0.200 - -0.101 future is drier
-0.100 - -0.001
0.000 - 0.100

0.101 - 0.200

I 0201-0.300
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Which set of future rainfall projections
should be used for water-resource planning?

 Statistical approach and dynamical approach
show opposite changes in mean annual
rainfall in many areas

* Simulating the driest and wettest rainfall
conditions captures the range of uncertainty
in existing set of climate projections
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Selected Future Climate Scenarios

Projected

“Dry” Climate Scenario

Statistical Approach
RCP8.5, 2071-99

7~ Mean annual rainfall (mm)*

*1978-2007 mean from rainfall atlas
by Giambelluca and others, 2013

Anomalies

Expressed as fraction of control mean
I -0.7%0 - -0.601
[ -0.600 - -0.501
[ -0.500 - -0.401

-0.400 - -0.301
-0.300 - -0.201
-0.200 - -0.101
-0.100 - -0.001

future is drier
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Projected

“Wet” Climate Scenario

Dynamical Approach
_ SRES A1B, 2080-99

" Mean annual rainfall (mm)*

*1978-2007 mean from atlas rainfall
by Giambelluca and others, 2013

Anomalies

Expressed as fraction of control mean

-0.218 - -0.201
-0.200 - -0.101 future is drier
-0.100 - -0.001

0.000 - 0.100

0.101 - 0.200

I 0201 -0.:300
I 0301-0329

future is wetter
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Other Challenges with
Estimating and Comparing Hydrologic Impacts

* |ssues related to dynamical approach
— Represents only one emission scenario (SRES A1B)
— Represents only one future time period (2080-2099)
— Planning horizon for water managers typically less than 30 years

* |ssues related to statistical approach

— Method is not process-based

— Does not provide all climatological elements needed for
simulating water budget; independent estimates of future
reference ET are needed

e Different control climate periods
— Statistical approach uses 30-year period during 1978-2007
— Dynamical approach uses 20-year period during 1990-2009
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LAND COVER
DEVELOPED

Developed, low-intensity

Developed, open space

- Developed, medium-intensity
- Developed, high-intensity

- Golf course

IRRIGATED AGRICULTURE
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2010 Land Cover

gﬁ&‘:ﬁ";
FOREST

Alien forest

- Native forest
- Tree plantation

OTHER
Fallow/grassland
Grassland

- Macadamia

- Shrubland

- Sparsely vegetated

- Water body

- Wetland

[ ]

Reservoir

Johnson, 2014;
http://water.usgs.gov/lookup/getspatial?maui_land_use_circa_2010
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Water-Budget Model Development

 Model developed for islands to estimate spatially distributed
groundwater recharge

 Model has been applied in Hawai‘i, American Samoa, and Guam
Required model input datasets:

These datasets are modified during
climate-data transformation for
estimating climate-change impacts

— Land cover

— Soil properties

* Since 2005, model has been modified to accommodate improved
rainfall and reference ET datasets, and more robust methods to
estimate canopy interception, total ET, and direct runoff
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Groundwater Recharge Decreases by 21%

for Projected Dry Climate Scenario

Statistical Approach
1978-2007 Climate RCP8.5 2071-2099 Climate

Mean annual groundwater recharge,
in inches

Q Q Q D AT Areas where mean annual
© © v > > O S N recharge is between 455 and

taro fields and reservoirs
w5
".é USGS 20
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Change in Mean Annual Recharge for Projected Dry
Honoksha Climate Scenario (@ EEERGG—_—_

Kahakuloa

Honolua

recharge occur in the
wettest parts of Maui

Makawao

Honokowai Waihe‘e

Honopou

Waikamoi

Ke‘anae
Launiupoko o G Kuhiwa

Olowalu ‘ awalpapa

Ukumehame o
Waikapu
Change in mean annual recharge,
in inches

73 - -45
- Kama‘ole

I
45 - 30 Waiho'i

3015 Kipahulu

-15--0.01

- -0.01 - 0.01

001-15 Luala‘ilua
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Change in Recharge
by Aquifer System, Mgal/d
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Percentage Change in Recharge
by Aquifer System
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Groundwater Recharge Increases by 21%

for Projected Wet Climate Scenario

Dynamical Approach
1990-2009 Climate SRES A1B 2080-2099 Climate

Mean annual groundwater recharge,
in inches

Q Q Q D AT Areas where mean annual
© © v > > O S N recharge is between 455 and

taro fields and reservoirs
w5
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science for a changing world




Change in Mean Annual Recharge for Projected Wet
Climate Scenario Greatest increases in

recharge occur in the
wettest parts of Maui

Honokohau

Kahakuloa

Waihe'e Makawao

Kawaipapa

Change in mean annual recharge,

in inches S
. : Waiho'i

4. 007 Kama‘ole

B o0.01-0.01

0.01-15
15-30

B 045 e
- 45 - 75 Luala‘ilua
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’ Kipahulu

Nakula Kaupo
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Change in Recharge
by Aquifer System, Mgal/d

a USGS .

science for a changing world



Percentage Change in Recharge
by Aquifer System
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Island-Wide Comparison: Change in Mgal/d

600

B Projected dry climate scenario

400 B Projected wet climate scenario

N
o
o o

Change from control climate,
million gallons per day (Mgal/d)
N
o
o

N
o
S

-600 -

-800

Rainfall Fog Irrigation Runoff Total ET  Recharge
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Island-Wide Comparison: Percentage Change

40%

B Projected dry climate scenario

30% - B Projected wet climate scenario
20% -

10% |

0% -

-10% -

Percentage change from control climate

20%

30% -

Rainfall Fog Irrigation Runoff Total ET Recharge
;v/ . P -
‘-5 USGS Preliminary Information—Subject to Revision. 59
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Summary for Maui

* Two existing projections indicate contrasting effects on estimated
recharge across most of Maui

— Contrasting: For ‘Tao and Waihe‘e aquifers, estimated changes to
recharge vary from a decrease of 31% (‘lao) to an increase of 51%
(Waihe‘e)

— Similar: Both projections indicate a decline in recharge in Kama‘ole
and Makawao aquifer systems

— Estimated changes to island-wide recharge vary by plus or minus 21%

* Impacts to Kahului and Pa‘ia aquifers are moderated by irrigation of
sugar cane

* Greatest changes to recharge occur in west Maui mountains and
wet windward areas of Haleakala

* Uncertainty in climate projections likely will improve over time,
which will lead to better-defined actionable science directions

\
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Next Steps — Water-Budget Modeling

High-Resolution
Downscaled
Climate Projections

Climate-Data Plausible Future
and Transformation | Land-Cover

Evapotranspiration Modeling i Scenarios

, , c >
( ﬁ Pacific RISA
scienc id B science for a ci i ld .

Control /" Future

Recharge ) A Recharge ) )))))UU




Next Steps — Publishing

* Publish estimated impacts to groundwater
recharge for future climate/land-cover
scenarios in scientific journal article

* Publish geospatial datasets presenting water-
budget modeling results for each
climate/land-cover scenario

— USGS water resources NSDI node

a USGS
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Next Steps — Reducing Uncertainty

* Additional set of climate projections being
developed for Hawai‘i by National Center of
Atmospheric Research (NCAR)

— Available by end of 2016 or early 2017
* Continued dialogue between climate scientists
using statistical and dynamical downscaling

approaches will lead to better understanding
of differences in projections

a USGS
science for a changing world



)fC ¥ Pacific RISA_
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* Chunxi Zhang, IPRC, University of Hawai‘i at
Manoa

* Oliver Elison Timm, State University of New
York at Albany

e Adam Johnson, USGS
* Maoya Bassiouni, Oregon State University

* Victoria Keener and Laura Brewington, Pacific
RISA
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